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COMPARATIVE ANALYSES AND FINDINGS

In this chapter we summarize the conclusions reached from the tracer study and the air
quality modeling simulations. As previously discussed, the tracer study provided data
that would allow for a qualitative comparison of the onshore impacts (dispersion only)
between the proposed and existing shipping lanes. In addition to the analysis of the
tracer study data, modeling simulations were conducted to numerically compare the
onshore impacts from each of the proposed control strategies — relocation of the
shipping lane and voluntary speed reduction. As per the TWG, the modeling
simulations did not consider photochemistry, due to the non-availability of a complete
emissions inventory for the SCOS episodes and time considerations. We also include a
brief summary of the findings and our recommendations to U.S. EPA to consider in their
deliberations on a suitable control strategy to provide the emission reductions needed
from marine vessels in the 1994 Ozone SIP. Our conclusions and findings are limited to
an analysis of the impacts on the SCAQMD. As discussed previously, the TWG agreed
to limit the analysis to the SCAQMD with the understanding that U.S. EPA may need to
take into consideration the impacts on upwind and downwind regions when determining
the most appropriate operational control for marine vessels.

A. TRACER STUDY ANALYSIS

The tracer study provided data on the trajectory and dispersion of ship emissions
released from ships traversing the existing shipping lane and the proposed relocated
shipping lane. The data collected allows for comparison between the differences in
dispersion for the morning and afternoon periods on 3 days — August 23, 1997,
September 4, 1997 and October 4, 1997. By looking at the dispersion characteristics
qualitative information can be gleaned regarding the potential for onshore air quality
impacts due to NOy emissions from ships traveling in the shipping lanes along the
coast. Greater dispersion implies the emissions are dispersed over a larger area or
~volume, resulting in lower concentrations of the pollutant available to participate in the
photochemical reactions that form ozone and particulate matter. If dispersion is greater
when ships are traveling along a particular shipping lane, presumably the emissions
from those ships would have less potential impact on air quality than ships traveling
along a lane that demonstrates less dispersion.

To assess the dispersion of emissions from the existing and proposed shipping lanes,

the average normalized station peaks of the tracer measurements were determined and
the ratios of impacts were calculated. These ratios, which were first presented in Table
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IV-13 are shown again in Table VI-1 below. Ratios less than 1.0 imply greater
dispersion from the proposed lane and those greater than 1.0 imply less dispersion from
the proposed lane. Ratios near 1.0 imply similar dispersion for the two lanes.

Table VI-1
Ratios™ of Proposed Shipping Lane Impact to Current Shipping Lane Impact in the
South Coast AQMD

Ratio for Morning Release Ratio for Afternoon Release
August 23, 1997 0 ' 1.79
September 4, 1997 ' 0.40 : 0.21
October 4, 1997 - N/A 0.99

The ratio of average normalized station peak concentrations for the proposed lane fo that from the current lane, from Table IV-12

The data do not demonstrate a consistent pattern. While the ratios for the morning
releases demonstrate greater dispersion from the proposed shipping lane on the tracer
release days, the afternoon releases did not show any consistency. For the afternoon
releases, there was less disEersion from the proposed lane on the August 23" release
date, more on September 4™ and similar dispersion from the existing and proposed
shipping lanes on the afternoon of October 4, 1997. These results suggest that
meteorology influences the direction and the magnitude of dispersion from ship
emissions. Wind circulation patterns in the area offshore of Southern California can be
very complex. Day to day, as well as diurnal, differences in wind directions can be very
great and in turn can impact transport and diffusion mechanisms in the region.

B. MODEL SIMULATIONS .

Model simulations were developed for two episode periods, August 3-7, 1997 and
September 3-5, 1997, using an Eulerian air quality modeling system. In each case, the
emissions of NO from each of the five control strategies were simulated without
photochemistry and the net onshore mass flux into the SCAQMD was calculated. To
assess the relative impacts of shipping emissions from the shipping lane and speed
scenarios representing each control strategy, comparisons of the mass flux among the
control scenarios were made to assess the relative impacts of shipping emissions. The .
accumulated mass flux and its distribution along the shoreline provide an indicator of
the impact of offshore emissions on onshore air quality — the lower the mass flux, the
lower the potential influence on onshore air quality. When comparing control.strategies,
the emissions from the control strategy with the lowest mass flux into the SCAQMD
would therefore have the least effect on onshore air quality.

The results from the simulations are presented in Table VI-2. The data from August 3™
and September 3" are not included. As explained previously, data on these days may
not be representative because they are start-up days for the modeling simulations and
may be overly influenced by initial conditions. b
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Table VI-2
Daily Net Mass Flux (tons/day) into the South Coast Air Basin from Simulation
Results for August 4-7 and September 4-5, 1997

Scenario Aug.4 | Aug.5 | Aug.6 | Aug.7 | Sept. 4 | Sept. 5

Current shipping lane 33.30 | 3.85 16.44 | 2496 | 31.63 22.5
Speed control scenario #1 31.65 3.07 14.99 | 23.06 30.27 2045
Speed control scenario #2 28.92 | 2.68 13.66 | 20.49 | 2847 18.70
Speed control scenario #3 30.22 3.24 14,99 | 22.05 | 29.70 20.28
Proposed shipping lane 1745 | 567 | 1462 | 21.87 | 14.86 35.76

Some qualitative conclusions can be drawn from the simulation results. First, there is a
~mass flux benefit for all of the voluntary speed reduction alternatives for all the days
simulated. While the magnitude varied from day to day, it correlates well with the
expected emission reductions from each scenario. Scenario #2, which requires the
most reduction in speed over a long distance and results in the greatest emission
reductions in the SCAB inventory, demonstrated the largest reduction in the net mass
flux for the three speed control scenarios. Similar to the results from the tracer study,
the results from the model simulation of the proposed shipping lane did not reveal a
consistent pattern. On two days, the largest benefit was seen from this control strategy,
about a 50% reduction in flux, however, on both August 5" and September 5", the
mass flux was actually greater than that simulated for the base case. As discussed in
Chapter V, it appears that the benefits from moving the shipping lane further offshore
are highly dependent on the variable offshore wind flow patterns.

Obviously the days simulated represent a small subset of the total days in the SCAB.
Therefore to put the modeling results in perspective, it would be useful to know how
frequently the types of days simulated occur. To address this question, a
meteorological classification analysis based on the meteorology and air quality from
1997 was conducted (see Appendix C). In this analysis, the 1997 days were sorted into
frequency nodes, where a node represents a type of episode day. This analysis
showed that the August and September episode days represent meteorological patterns
that occur approximately 30% of the time and reflect 3 of the 6 types of days that have
medium to high ozone potential in the SCAB. ® Table VI-3 summarizes the results of

the meteorological classification analysis.

® The weather patterns in 1997 reflected a reduced ozone potential indicative of the El Nino weather
circulation that was building that summer.
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, Table VI-3
Frequency of Occurrence for the Types of Days Simulated

(from Appendix C)
Day Simulated (Sp_ll_sy%deeol?loDc;?) Frequency of Occurrence in 1997
August 4 9 71%
August 5 9 7.1%
August 6 9 7.1%
August 7 10 1.9%
September 4 10 1.9%
September 5 6 22.2%

As a potential further aid in interpreting the results of the modeling simulations, the
modeling results for the days simulated (from Table VI-2) were combined with their
frequency of occurrence to derive a weighted average reduction in net mass flux relative
to the base case. Since there were multiple simulation days in nodes 9 and 10, the
fluxes were first averaged for the days in those nodes before combining with the
frequency of occurrence. The results of this analysis are presented in Table VI-4 below.
As shown, the greatest benefit is demonstrated from the simulation of speed control
scenario #2. In this scenario, the precautionary zone speed limit of 12 knots is
extended to the overwater boundary of the SCAB and resulted in approximately a 16%
decrease in flux onshore. Speed control scenarios #1 and #3 had comparable benefits
at 8% and 10% reduction respectively, and the proposed relocated shipping lane had
the least benefit.

Table VI-4 ,
Average Weighted Percent Change in Net Mass Flux (tons/day) into the Sout
Coast Air Basin from Simulation Results for August 4-7 and September 4-5, 1997

Average Flux by Node (tons/day) Weighted Change in

Scenario Node 9 Node 10 Node 6 _A‘ﬁ;i?e gjﬁ,’:ﬁg

| - (Aug. 4,5, 6) | (Aug.~7,~Sept. 4) 4 (Sept. 5) (tons/day) | Base Case

Current shipping lane 17.86 28.30 22.50 6.80 -
Speed control scenario #1 16.57 26.67 20.45 6.22 -8%

Speed control scenario #2 15.09 24.48 18.70 5.69 -16%
Speed control scenario #3 16.15 25.88 20.28 6.14 -10%
Proposed shipping lane 12.58 18.37 . 35.76 9.18 +35%

* ¥, (node average) x (node frequency) for each of the nodes

Because of the limited number of days simulated, it is important to keep in mind the
following caveats when interpreting the results in Table Vi-4:

¢ A total of six days were simulated, representing meteorological patterns that occur
approximately 30% of the time and reflect 3 of the 6 types of days that have medium

-80 -



to high ozone potential in the SCAB. However, the other three types of days with
medium to high ozone potential were not captured. '

» Asingle day (September 5) was used in the weighted average flux calculation for
node 6, whereas there were multiple days available for the other two nodes. As
shown in Table VI-2, fluxes for different days with the same node type can vary. ltis
not known how representative the September 5 flux is for an average node 6 day.

"o The frequency distribution of meteorological patterns in 1997 is not necessarily
representative of other years. '

During the TWG discussions, questions were raised regarding how the results could be
used to estimate the emission reductions with respect to the SIP. Consistent with
current practices, the expected emission reductions that can be claimed for SIP credit
are determined from the actual change in the emissions inventory (for South Coast Air
Basin) — not a reduction based on photochemical model simulations. To approximate
potential SIP credit for the different control strategies we calculated a control factor
based on the emissions estimates for each control strategy as compared to the base
case (i.e. a percent reduction or increase in emissions). This control factor was then
applied to the forecasted inventory for marine vessels in 2010. Since the controls would
only be applied during the cruising mode (not maneuvering or hotelling), the control
factor was only applied to that portion of the inventory that represented ships in the
cruise mode. Because we did not have an ungridded emissions estimate for the
proposed shipping lane, the estimate for the proposed shipping lane is based on a
control factor calculated from the gridded inventory. Three key assumptions with this
approach are: 1) ship type and activity in 2010 is similar to the activity during the
August 3-7, 1997 episode, 2) the ship activity during the August 3-7, 1997 episode is
representative of a typical summer day, and 3) the gridded emissions for the proposed
shipping lane provide a good approximation of the ungridded emissions inventory. As
shown in Table VI-5, Speed control scenario #2 approaches the 1997 Ozone SIP (and
1994 Ozone SIP) M-13 target for the voluntary control strategies. In the 1997 SIP, the
planned reductions for M-13 expected a 29% reduction in the cruising emissions from
the ocean going fleet in the SCAB.

Table VI-5
1997 SIP Emission Reduction Estimates

Tons per Day NOx

1997 SIP

Expected ; Estimated

Control Strategy Emission Percent Change | Control Factor Reductions
Reductions (2010)*

Speed control scenario #1 -2.96 -10.5% 0.1 -2.9
Speed control scenario #2 -6.53 -28.5% 0.28 -7.3
Speed control scenario #3 -3.98 -18.8% 0.19 -4.9
Proposed shipping lane +0.51 ~ +2.2% .0.02 +.52

*To determine the estimated reductions, the control factor was applied to the 1997 SIP projected 2010
NOx emissions (26.2 T/D) for ocean-going vessels calling on the POLB and POLA while in the cruising
mode. These emission reduction estimates already account for the precautionary speed zone reduction
requirement that was instituted in 1994 since the forecasted inventory is based on a 1997 SCAB baseline

inventory.
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C. SUMMARY OF FINDINGS

Based on the results from the tracer analysis and the modeling simulations, it can be
concluded that a voluntary speed reduction control strategy would likely result in
consistent emission reduction benefits in the SCAB with the magnitude of the benefits
dependent on the extent of the speed reductions and the time spent in the reduced
speed mode. Control Scenario #2, which requires a speed limit of 12 knots between the
ports and the SCAB overwater boundary, appears to provide the greatest benefit with
respect to both NO, emissions and the flux of NOx emissions that reach onshore,
demonstrating approximately a 28% reduction in the emission inventory and a 16%
reduction in flux when compared to the base case. Although the control strategy to
move the shipping lane further offshore does provide benefits on certain types of days,
it does not appear to provide a consistent benefit and it is not possible to reach
definitive conclusions about this strategy. Because the modeling simulations did not
consider photochemistry, it is also not possible at this time to determine the
comprehensive air quality impacts relative to ozone and particulate matter formation
attributed to NOx emissions from marine vessels from the various alternatives. To
understand the comprehensive air quality impacts, comprehensive photochemical and
aerosol modeling should be conducted. For the next SCAQMD Air Quality Management
Plan update photochemical and aerosol modeling will be performed and should provide
additional information on the impacts of shipping emissions on ozone and fine

particulate formation. ‘
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Appendix A
SCOPE of ANALYSIS

Throughout the working group process, a number of issues were raised on which the
TWG reached consensus that the issues were beyond the scope of the comparative
analysis being conducted by the TWG. In this appendix, we provide a brief description
of the main issues that were identified. The U.S. EPA intends to work with members of
the TWG to evaluate any issues that may need to be addressed before making a
decision on the most appropriate operational control strategy for marine vessels

Future Ship Speeds: The baseline emissions inventory is based on the estimated ship
speeds for the current fleet of ships using the POLA and POLB. The TWG believed
accurate data was not available to project the ship speeds that would occur in future
years (i.e. 2010). Due to time constraints and lack of data, the comparative analysis is
limited only to the current inventory; no projections were made for the future impact of
any of the proposed control strategies. The future ship speeds and their impact on the
emissions inventory and potential emission reductions from any control strategy may
need to be considered when determining the most appropriate operation control for
marine vessels.

'Photochemical Modeling: Ship emissions can be involved in complex overwater
chemical reactions which may impact the amount of NOx emissions that reach the
shoreline. Because of time constraints and the unavailability of the complete modeling
emissions inventory for SCOS97, the TWG agreed to use dispersion modeling to
assess the on-shore impacts of the shipping emissions relative to the quantity of
emissions that reach shore in the SCAB. Photochemical modeling will not be ignored
however, as photochemical modeling will be conducted during the development of the
next comprehensive plan update (AQMP update) for the SCAQMD, expected final in
2001. Photochemical modeling is needed for the attainment demonstration for the
1-hour federal ozone standard and will provide additional information about the impact
of shipping emissions on ozone, PM1g and toxics. For the next AQMP update the
preferred control strategy will be included in the modeling exercise to help quantify the
benefits of the overall control strategy on peak ozone and population exposure. We do
not believe this will result in a change in our conclusions regarding the dispersion
impacts of shipping emissions; however, once the chemistry is included in the modeling
simulations, we may find that there are significant PM1o benefits from reducing NOx
emissions from ships offshore.

Impacts Beyond SCAB Boundaries: Both of the control strategies evaluated may have
the potential to shift the impact of ship emissions to areas outside the SCAB. The TWG
had numerous discussions on what areas may be impacted and whether such a shift in
emissions would occur. However, the TWG agreed that determining impacts outside
the SCAB was beyond the scope of the comparative analysis may need to be
considered when determining the most appropriate operational control for marine

vessels.
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Economic, Logistic and Other Impacts of Potential Control Strategies: There were
numerous discussions on the impacts of the proposed control strategies including
impacts on the U.S. Navy’s Sea Range off the southern California coast and the loss of
time and income that may occur if ships take longer to approach the ports due to
travelling along an alternative route or traveling at a reduced speed. These impacts
were outside the scope of the TWG’s comparative analysis; however, the TWG agreed
this may need to be considered when proposing a control strategy for marine vessels.
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Appendix B

Day Specific Ship Activity Information
And Emissions



Summary of Activity and Emissions Data for the August 3-7,
1997 SCOS97 Episode

In table B-1 we provide a detailed summary of the ship activity and emissions data for
the August 3-7, 1997 episode. This includes information on the ship type, date, time,
and direction of arrival and departure in the South Coast waters and the parameters
used to calculate the NOx emissions. Additional parameters provided by the Marine
Exchange but not included in this Table are call signs, previous port, next port, speed,
initial berth, type of cargo, gross tonnage, and net tons. The following abbreviations are
used to identify the ship types: Bulk Carrier (BBU); Bulk/Container Carrier (BCB);
General Cargo (GGC); Refrigerated Cargo (GRF); Passenger (MPR); Vehicle Carrier
(MVE); Chemical Tanker (TCH); Tanker (TTA); Container Carrier (UCC); and RORO
Container Carrier (URC). In Table B-2 information on U.S. Navy ships is provided. In
addition, we have included information on other pollutant emission estimates for the
ships included in the inventory for the August 3-7 1997 SCOS97 episode as well as the
methodology followed to estimate the emiission benefits of the precautionary speed

zone.
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